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1 - INTRODUCTION 



This report has been prepared to assist the Ontario Ministry of the 
Environment (MOE) in a review of polynuclear aromatic hydrocarbons 
(PAH) undertaken for the purpose of setting environmental standards. 
The objective of this report is to present a bibliography of recent 
literature on this group of compounds. 

The bibliography exists in printed and electronic versions. The 
printed version is included in the present report. The electronic 
version is held by the MOE's Hazardous Contaminants Coordination 
Branch. 

A brief summary of the methods used to prepare this bibliography is 
given in Section 2 of this report. Then the printed bibliography is 
presented, with citations arranged in nine broad subject categories. 
The bibliography is followed by an author index and a keyword title 
index. This bibliography includes reference citations, but not 
abstracts. Abstracts are arranged by citation number in a separate 
volume held by the Hazardous Contaminants Coordination Branch. 
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2 - METHODS 



2.1 - Search Strategy Development 

The initial approach to this endeavour was to try to achieve broad 
retrieval of references published between January 1, 1982, and early 
1986. The original intention was to retrieve all relevant citations 
from over 30 online databases for a complete range of PAH compounds. 

The references cited in Table 1 were reviewed and a keyword list of 
environmentally or biologically important PAHs was developed. The PAH 
Bibliography Working Group of MOE reviewed this keyword list and 
designated 30 specific PAH compounds for inclusion. The modified 
keyword list served as the starting point for developing the detailed 
search strategies ultimately employed. 

Over 30 databases were originally considered for inclusion in this 
study (Table 2). Preliminary search strategies, comprising general 
terms such as "polynuclear aromatic hydrocarbons", were implemented on 
most of these databases for the period January 1, 1982 to early 1986. 
More detailed search strategies, consisting of Chemical Abstracts 
Service (CAS) registry numbers, were implemented for the same period on 
a few databases accessible using CAS registry numbers. The numbers of 
potentially pertinent references identified with these preliminary 
search strategies are shown in the center column of Table 2. 

The total number of references identified during these preliminary 
searches was much higher than the number that could be retrieved and 
processed with the resources available to the project. Consequently, 
the original, broad retrieval approach was modified to a more limited 
approach that met the basic needs of the PAH Bibliography Working 
Group. The following specific limitations were imposed. 
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REFERENCES CONSULTED FOR KEYWORDS 
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Volume 33. Lyon, France: IARC, p. 222. 
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Evaluation of Sources and Effects." Washington, D.C.: National 
Academy Press, p. 474. 
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Criteria for Environmental Quality 1983. "Polycyclic Aromatic 
Hydrocarbons in the Aquatic Environment: Formation, Sources, Fate 
and Effects on Aquatic Biota." NRCL Number 18981. Ottawa: NRCC 
Publications, p. 209. 
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NUMBERS OF PERTINENT REFERENCES 
IDENTIFIED ON VARIOUS DATABASES 







N 


o. of References 






Identified with 






Preliminary 






S 


earch Strategies 


Database Name 




J 


an 1. 82-earlv 1986 


APILIT 




_ 




Aquaculture 









Aqualine 




- 




AS FA 






119 


BA79 and BA86 




1 


218 


CANCERLIT 






880* 


CA Search 




9 


617* 


Chemical Exposure 






23* 


CIS/ILO 




- 




COAL 






243 


CODOC 






22 


CRGS 




- 




Conference Papers 


Index 




179 


Dissertation Abstracts 






(Online) 






220 


Energy line 






8 


Enviroline 






172 


Environmental Peri 


odicals 






Bibliography 






195 


ELIAS 






6 


EMBASE 




4 


825 


Federal Register 








Abstracts 






11 


FSTA 






84 


GPO Monthly Catalc 


gue 




22 


HSE Line 




- 




IEC 






8 


MEDLINE 




3 


059* 


NIOSHTIC 






395 


NT IS 






724 


OON 






35 



No. of References 

Identified with 

Final Search 

Strategies 

Jan 1. 84-earlv 1986 



65 
902 

342 


11 
50 

3 



2 

951 



22 




986 

498 
12 



Table 2 

Numbers of Pertinent References 

Identified on Various Databases - 2 
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Database Name 

Pollution Abstracts 

SCISEARCH 

Toxline 

Water Resources Abstracts 

TOTAL 



No. of References 
Identified with 
Preliminary 
Search Strategies 
Jan 1. 82-earlv 1986 

287 

1 027 

2 457* 
124 

25 960 



No. of References 

Identified with 

Final Search 

Strategies 

Jan 1. 84-earlv 1986 



264 



8 018 



- Search strategy not implemented. 

* The search strategies consisted of CAS registry numbers of the PAH 
compounds designated by the MOE as of primary concern. All the other 
preliminary search strategies consisted of general terms such as 
"polynuclear aromatic hydrocarbons". 
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1 - The period of concern was limited to January 1, 1984, to early 

1986. 

2 - The number of databases to be searched was reduced to 15. 

3 - The list of specific PAHs to be included in the search strategy was 

limited to those of primary concern to the MOE. 

4 - Citations related strictly to chemical analytical procedures were 

omitted. 

5 - Acronyms and general terms that retrieved irrelevant citations were 

omitted from the search strategies. 

The results of the more limited approach are shown in the last column 
of Table 2. 

Table 3 gives the CAS Registry Numbers and compound names used to 
retrieve references on PAH compounds . Each entry includes the CAS 
Registry Number (CRN) plus the CAS name(s) and most common synonyms 
obtained from the CHEMNAME database on DIALOG. Some entries include 
only the CRN plus a general compound name, for in these instances, use 
of the name of the general class of compounds retrieved references on 
all specific compounds whose names included the class name. For 
example, using "Dinitropyrene" retrieved references on 
1,6-Dinitropyrene, 1 , 8 -Dinitropyrene and any other dinitropyrenes . For 
the same reason, the lists of synonyms are not necessarily compre- 
hensive, because some synonyms contained strings that had already been 
searched. 

Chemical Abstracts Service (CAS) registry numbers plus all general 
terms in Table 3 were used on CA Search, Chemical Exposure and MEDLINE. 
The search strategy used on CIS/ILO consisted of CAS registry numbers 
plus descriptors from the list of index terms for this database. To 



TABLE 3 



CAS REGISTRY NUMBERS (CRN) AND COMPOUND 
NAMES USED TO RETRIEVE REFERENCES 
ON POLYNUCLEAR AROMATIC HYDROCARBONS 
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CRN: 42397-65-9 
Dini tropyr ene ( s ) 

CRN: 42397-64-8 
Dinitropyrene(s) 

CRN: 31711-53-2 

Me thylphenanthrene ( s ) 

CRN: 30777-18-5 
Benzo (a) f luorene 

CRN: 27208-37-3 

Cyclopenta(cd)pyrene 

Acepyrene 

Cyc lopenteno ( cd) pyr ene 

Acepyrylene 

CRN: 5522-43-0 
Nitropyrene(s) 

CRN: 892-21-7 
4-Nitrofluoranthene 
3 - Ni trof luoranthene 

CRN: 26914-18-1 
Methylanthracene(s) 

CRN: 779-02-2 
Methylanthracene(s) 

CRN: 613-12-7 

Me thy lanthracene ( s ) 

CRN: 610-48-0 

Me thy lanthracene ( s ) 



CRN: 260-94-6 

Acridine(s) 

10 - Azaanthracene 

Benzo(b)quinoline 

Dibenzo(b , e)pyridine 

9 -Azaanthracene 

2 , 3-Benzoquinoline 

CRN: 238-84-6 
Chrysofluorene 
1 , 2 -Benzof luorene 
Benzo(a) f luorene 

CRN: 226-36-8 

Dibenz (a , h) acridine 

7 - Azadibenz (a , h) anthracene 

1,2:5, 6-Dibenzacridine 

Dibenz(a, d)acridine 

1,2,5, 6-Dibenzacridine 

1,2,5, 6-Dibenzoacridine 

CRN: 224-42-0 

Dibenz(a, j )acridine 

7 -Azadibenz (a, j ) anthracene 

1 , 2 ; 7 , 8 -Dibenzacridine 

Dibenz(a, f )acridine 

1,2,7, 8-Dibenzacridine 

CRN: 218-01-9 

Chrysene(s) 

1,2- Benzphenanthrene 

Benzo(a)phenanthrene 

1,2- Benzophenanthrene 

CRN: 217-59-4 

Triphenylene(s) 

9,10- Benzphenanthrene 

9 , 10-Benzophenanthrene 

1,2, 3,4-Dibenznaphthalene 

Isochrysene(s) 

Benzo(l)phenanthrene 



Table 3 

CAS Registry Numbers (CRN) and Compound 

Names Used to Retrieve References 

on Polynuclear Aromatic Hydrocarbons (cont) 
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CRN: 208-96-8 
Acenaphthylene ( s ) 
Cyclopenta ( de ) naphthalene 

CRN: 207-08-9 
Benzo (k) f luoranthene 
Dibenzo(b , jk) f luorene 
11, 12 -Benzof luoranthene 
2,3,1' ,8'-Binaphthylene 
8 , 9-Benzofluoranthene 
8,9- Benzf luoranthene 

CRN: 206-44-0 

Fluoranthene 

Benzo ( j k) f luorene 

Idryl 

1,2- (1,8-Naphthylene)benzene 

Benzene , 1 , 2 - ( 1 , 8 - naphthalenediyl ) 

CRN: 205-99-2 
Benz ( e ) acephenanthrylene 
Benzo (e) fluoranthene 
3 ,4-Benzof luoranthene 
Benzo (b) fluoranthene 
3 , 4-Benzf luoranthene 
2 , 3 -Benzf luoranthene 
Benz (a) acephenanthrylene 

CRN: 205-82-3 
Benzo (j ) fluoranthene 
10 , 11-Benzof luoranthene 
Dibenzo(a, jk) fluorene 
Benzo - 12 , 13 - fluoranthene 
Benzo ( 1 ) fluoranthene 
7 , 8 -Benzf luoranthene 

CRN: 198-55-0 

Perylene(s) 

Dibenz ( de , kl ) anthracene 

peri-Dinaphthalene 

Perylene(s) 

CRN: 194-59-2 

7 -Aza- 7H- dibenzo (c , g) fluorene 

3,4,5, 6-Dibenzocarbazole 



CRN: 193-39-5 

o - Pheny lenepyrene 

CRN: 192-97-2 
Benzo ( e ) pyrene 
1 , 2-Benzpyrene 
1,2-Benzopyrene 

CRN: 191-26-4 

Dibenzo ( def , mno) chrysene 

Dibenzo (cd, jk)pyrene 

Anthanthrene 

Anthanthren 

CRN: 191-24-2 

1 , 12-Benzoperylene 

1 , 12 -Benzperylene 

CRN: 191-07-1 
Coronene(s) 

CRN: 129-00-0 

Pyrene 

Benzo (def ) phenanthrene 

Benzo(d,e, f) phenanthrene 

CRN:120-12-7 
Anthracene 
Anthracin 
Paranaphthalene 

CRN: 86-74-8 

Carbazole 

9 -Azaf luorene 

Dibenzopyrrole 

Dibenzo (b, d) pyrrole 

Diphenylenimine 

CRN: 86-73-7 
Fluorene (s) 
o-Biphenyleneme thane 
Diphenyleneme thane 
2,2' -Methylenebiphenyl 
Methane , diphenylene 
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Table 3 

CAS Registry Numbers (CRN) and Compound 

Names Used to Retrieve References 

on Polynuclear Aromatic Hydrocarbons (cont) 



CRN: 85-01-8 
Phenanthr ene ( s ) 

CRN: 84-65-1 

9 , 10-Anthracenedione 

Anthraquinone 

Anthradione 

CRN: 83-32-9 

Acenaphthene 

1 , 2 -Dihydroacenaphthylene 

peri - Ethylenenaphthalene 

1,8- Ethylenenaphthalene 

Naphthyleneethylene 

CRN: 56-55-3 

Benz (a) anthracene 

Benzanthrene 

Benzo (a) anthracene 

Benzo (b) phenanthrene 

2,3- Benzophenanthrene 

Tetraphene 

Benzathracene 

Benzoanthracene 

Naphthanthracene 

CRN: 53-70-3 

1,2: 5,6-Dibenzanthracene 

1,2:5, 6 -Dibenzoanthracene 

CRN: 50-32-8 
Benzo (a)pyrene 
3 ,4-Benzpyrene 
3,4- Benzopyrene 
Benzopyrene 
Benz(a)pyrene 
6,7- Benzopyrene 
4,5- Benzopyrene 



GENERAL TERMS 

Polycyclic aromatic hydrocarbon(s) 
Polynuclear aromatic hydrocarbon(s) 
Polyaromatic hydrocarbon(s) 
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determine the preferred search terras on EMBASE, the online thesaurus 
was used and only thesaurus terms were included in the EMBASE search 
strategy. The search strategies used on ASFA, COAL, CODOC , ELIAS , 
FSTA, IEC, NTIS, and OON consisted of spelled-out compound names and 
general terms, with date restrictions imposed as applicable to each 
database. This search strategy, along with an additional search stra- 
tegy of segmented terms, was used on BA79 and BA86. The terms to be 
segmented were selected by consulting the Biosis Search Guide and 
experimenting online. Toxline was searched by the Health Science 
Resource Centre of the Canada Institute for Scientific and Technical 
Information (CISTI) using a search strategy developed from CAS Registry 
Numbers provided by Acres. 



2.2 - Bibliography Preparation 

Permission was obtained as necessary to download, retain online and 
copy citations. References were retrieved through the database vendor 
systems shown in Table 4. 

Citations were downloaded electronically from all databases except 
Toxline using an IBM PC. Toxline citations were retrieved electroni- 
cally by CISTI and the printouts were forwarded to Acres for manual 
entry into the bibliography. The software package used for the elec- 
tronic bibliography was the REF-11 reference database management system 
produced by D.G. Systems. Once all the citations had been downloaded, 
a set of 7 BASIC programs extracted the required information for entry 
into the bibliography. These 7 programs read the data from the 
following databases: MEDLINE, EMBASE, COAL, NTIS, CA Search, ASFA, and 
BA79 and BA86. The programs then coded the information in a standar- 
dized format that could be read by REFRD program (supplied by D.G. 
Systems) . 



TABLE 4 

VENDOR SYSTEMS USED 
TO ACCESS DATABASES 
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Database 


Name 


DIALOG 


CAN/OLE 


Health 
Sciences 
Centre 
CISTI 


Canadian 
Centre for 
Occupational 
Health & Safety 
CCINFO 


AS FA 






:■: 






BA79 and 


BA86 




X 






CA Search 


X 








Chemical 


Exposure 


X 








CIS/ILO 










X 


COAL 






X 






CODOC 






X 






ELIAS 






X 






EMBASE 




X 








FSTA 






X 






IEC 






X 






MEDLINE 




X 








NTIS 






X 






OON 






X 






Toxline 








X 
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Abstracts were downloaded electronically from many of the databases and 
then printed on a laser printer. These abstracts were deleted from 
the magnetic disk after they had been printed. Abstracts from BA79 and 
BA86, ASFA, COAL, FSTA and NTIS were received offline in printed form. 

When all citations had been entered into the electronic bibliography, 
they were processed as follows. 

1 - Many citations had been retrieved from more than one database. As 

a result, there was more than one version of many citations in the 
electronic bibliography. The bibliography was sorted by authors' 
names on a computer and the sorted bibliography was examined 
manually for duplicate citations. When duplicates were found, the 
most comprehensive version was retained and the other(s) were 
deleted from the electronic bibliography. Approximately 30% of the 
citations retrieved from online databases turned out to be dupli- 
cates . 

2 - After duplicate citations had been deleted, the remaining citations 

were examined and each was assigned to one of the following broad 
subject categories. 

- Chemistry and Analysis 

- Environment 

- Pollution 

- Biology 

- Toxicology 

- Health and Safety 

- Waste Disposal 

- Legislation 

- Bibliography 

This assignment was done by inserting the subject category into one 
of the 'topic' fields in the REF-11 bibliography in order that 
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REF-11 could be used to retrieve all citations in any given subject 
category. 

3 - Citations that did not fall into any of the above subject cate- 
gories or did not conform to the limitations imposed on the search 
strategy were deemed to be irrelevant and were deleted from the 
electronic bibliography. The following were the principal kinds of 
citations that were deemed irrelevant. 

- On several of the databases, retrieval could be limited by the 
date the citation was entered into the database but not by the 
publication date. As a result, many references were retrieved 
that had been published before January 1, 1984, but entered into 
the database after that date. As January 1, 1984, had been esta- 
blished as the earliest publication date for inclusion in the PAH 
bibliography, these citations were not included. 

- Citations dealing with process research for coal liquefaction, 
coal gasification or petroleum refining were not included. 

- Citations dealing with the more theoretical aspects of PAH che- 
mistry, such as stereochemistry or molecular structure, were not 
included. 

- Citations dealing with the more theoretical aspects of PAH analy- 
tical chemistry were not included unless it seemed likely that 
the reference would contain data on levels of PAH in sources or 
environmental media. 

- Citations dealing with purification or synthesis of naturally 
occurring plant PAHs , such as alkaloids, were not included. 

- Citations dealing with the medicinal use of PAHs as anti- tumor 
agents or antibiotics were not included. 
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- Citations dealing with the use of PAHs as fluorescent dyes were 
not included. 

- Citations dealing with compounds not on the list of environmen- 
tally or biologically important PAHs established by the MOE were 
not included. 

Approximately 40% of the citations retrieved were judged to be 
irrelevant. 

4 - Keywords were assigned to each citation by including them in the 

REF-11 'Topic' field. Significant words in the citation title were 
chosen as keywords. Also included as keywords were the most rele- 
vant of the keywords retrieved along with a citation from the 
online database. When keywords had been assigned, a keyword list 
was prepared and some keywords were changed to eliminate repetition 
of similar headings in the keyword index. 

5 - Citations were edited to achieve uniformity of bibliographic for- 

mat. A combination of manual and computer methods was used in this 
editing process. 

When the electronic bibliography was complete, it was used to create 
the printed bibliography. An author index and a keyword title index 
were prepared to accompany the printed bibliography. 

To produce these indexes, REF-11 was used to create files containing 
the author, keyword, and title information. BASIC programs then read 
the REF-11 output and altered it to a format that would permit sorting 
of authors' names and keywords in alphabetical order. The sorting was 
done using a text editor. Additional BASIC programs then read the 
modified author, keyword, and title files and wrote the information in 
the format requested by MOE. Final revisions to the indexes were made 
with a text editor. 



2-15 



The printed abstracts were numbered to correspond to the entry numbers 
in the bibliography and were bound in numerical order in a separate 
volume . 



3 - BIBLIOGRAPHY 



NOTE : An asterisk (*) beside the citation number in the bibliography 

indicates that an abstract is available in the separate abstract 
volume . 
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3.1 - Chemistry and Analysis 
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phorescence." Analytical Chemistry 57 (1): 41-45. 
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Colloq. Semin. (Inst. Fr. Pet.) 40: 406-410. 

3 Alexander, C.A., Hoy land, J.R., Barnes, R.H. and Ogden, J.S. 

1984. "Survey of direct analysis methods for organic com- 
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